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Summary: Cells expressing CD4, CD8, CD 18, CD49d/CD29 
CD44, CD54, CD80, CD86, CD106, CDllb/CD18 or DNA 
breaks were stained in the pancreases of female or male scid/ 
scid mice after adoptive transfer of lymphocytes from older 
than 12-week female nonobese diabetic (NOD) or Balb/c mice. 
After intraperitoneal adoptive transfer of NOD splenocytes to 
female severe combined immunodeficiency (scid)/scid mice, in 
situ end labeling (ISEL) + as well as CD80 + and CD86 + cell 
infiltrates appeared first in the blood vessel walls and pancre- 
atic interstitial tissue at 2-3 weeks after transfer. CD4 + , CD8 + 
CD18 + , CD44 + , CD54 + , and CD106 + cells then encircled and 
invaded some islets of the scid/scid mice 2 to 7 weeks after 
transfer. Cells expressing these surface components, except 
CD8, were present also in the Balb/c mice, but as individual 
cells, not as infiltrates. CD8 + cells were observed in the pan- 



Diabetes can be transferred by splenocytes from dia- 
betic nonobese diabetic (NOD) mice and BB rats into 
nondiabetic genetically similar animals (1-3). This trans- 
fer has been shown to be due to T ceils (4,5), but there is 
no agreement whether both CD4 + and CD8 + T cells are 
needed, or if only one of these subsets is enough (1,3,5- 
10,1 1). It is possible that CD4 + T cells can induce siow- 
onset diabetes, when administered at very high doses, but 
need cooperation with CD8 + T cells when administered 
at lower doses. CD8 + T cells may thus have this kind of 
accessory function (12). 

Diabetes transfer is obtained only in immunodeficient 
recipients [i.e., (a) neonates (13), (b) adults that have 
been sublethally irradiated (14) or thymectomized as 
adults and treated with a depleting anti-CD4 monoclonal 
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creases of all NOD splenocyte-injected scid mice at 2, 3, 4 6 
and 7 weeks after transfer, but in none of the Balb/c splenocyte- 
injected scid mice. Some scid/scid mice injected with NOD 
splenocytes also developed severe noninfectious diarrhea and 
cachexia 4 weeks after transfer. ISEL + cells were observed in 
the pancreases of NOD splenocyte-injected female scid mice at 
all times after transfer, especially in the blood vessel walls and 
in the islets. Fas ligand was not present in Western blotting. It 
is proposed that apoptosis commonly occurs in islet-infiltrating 
lymphocytes and that in the scid/scid adoptive-transfer model, 
the first islet-infiltrating cells are destroyed by programmed 
cell death independent of Fas ligand. Further, CD8 + T lympho- 
cytes inevitably play a central role in intraperitoneal adoptive 
transfer of insulitis. Key Words: CD4 — CD8 — CD18— 
CD44— CD54--CD80— CD86-CD95L— CD106— Apoptosis. 



antibody (15), or (c) NOD-severe combined immunode- 
ficiency (scid) mice (16)]. Infusion of CD4 + splenocytes 
from nondiabetic genetically similar mice prevents trans- 
fer of diabetes by splenocytes from diabetic mice (17). 
Treatment of young NOD mice with anti-class II mono- 
clonal antibodies protects them from diabetes, and this 
protection is transferable to non-antibody-treated mice 
by infusion of CD4 + T cells from protected mice (17). 
These results suggest a role for the T lymphocytes them- 
selves in regulation of the disease process. How this 
regulation occurs is, however, still unclear. 

In the nonobese diabetic (18) mice, which are very 
susceptible to development of T cell-mediated autoim- 
mune diabetes, insulitis occurs spontaneously at age 5 
weeks, and acute ketosis-prone diabetes appears from 13 
weeks onward, mainly in the females (19). At age 30 
weeks, 80% of the female NOD mice have developed 
diabetes (19). In our study, we investigated whether the 
NOD lymphocytes can generate insulitis in the scid/scid 
mice after intraperitoneal injection and which cell types 
and factors are involved in this process. 
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MATERIALS AND METHODS 

Animals and antibodies 

Nonobese diabetic (NOD) mice with insulitis were the 
source of autoimmunity-prone splenocytes. Mice with 
severe combined immunodeficiency (scid) were the re- 
cipients of splenocytes. All the mice had free access to 
water and were fed normal laboratory chow ad libitum. 
The animals had a normal dark/light cycle. A permission 
(488/93) to use tissues from the animals after killing with 
C0 2 was granted by the local animal authorities. 

The purified monoclonal rat anti-mouse CD80/B7-1 
antibody (clone 1G10, IgG 2a ), the purified monoclonal 
rat anti-mouse CD86/B7-2 antibody (clone GL-1, IgG 2a ), 
the purified rat anti-mouse CD4 antibody (clone RM4-5, 
Ig G 2a ), the purified rat anti-mouse CD8a (clone 53-6.7; 
IgGjJ, the purified hamster anti-mouse CD3 (clone 145- 
2C11, IgG) and the purified hamster anti-mouse CD28 
(clone 37.51, IgG) were purchased from Pharmingen 
(San Diego, CA, U.S.A.). The purified rat-anti-mouse 
CD18 (clone TIB218, IgG 2b ), the purified rat-anti-mouse 
CD49d/CD29 (VLA-4, a 4 /^ x integrin, IgG 2a ), the puri- 
fied rat-anti-mouse CD44 (Hermes, clone TIB241, 
I g G 2b ), the purified rat-anti-mouse CD54 (ICAM-1, 
I g G 2b )'and the purified rat-anti-mouse CD 106 (VCAM- 
1 clone CRL1909, IgG 2a ) were from the American Type 
Culture Collection (Rockville, MD, U.S.A.). The fluo- 
rescent isothiocyanate (FITC)-conjugated polyclonal 
rabbit anti-rat immunoglobulin (Ig) was purchased from 
Dako Immunochemicals (Glostrup, Denmark). 

Adoptive transfer of insulitis from NOD to 
scid/scid mice 

Autoimmune insulitis was transferred from older than 
12 weeks NOD females, of which one of seven was 
diabetic, to scid/scid mice by injecting splenocytes from 
NOD mice to scid/scid mice intraperitoneally to the 
lower abdomen. In every experiment, the splenocytes of 
the seven donors were mixed so that every scid/scid 
mouse got about one seventh of the injected splenocytes 
from a diabetic NOD mouse. Twenty-two scid/scid mice 
were injected with NOD splenocytes, and 19 scid/scid 
mice were injected with Balb/c splenocytes (Table 1). 

Isolation of splenocytes 

Spleens were removed from the NOD mice immedi- 
ately after killing the mice with C0 2 and placed in cell- 
culture medium. They were cut into small pieces by us- 
ing scissors. Splenocytes were squeezed out from the 
tissue pieces by using forceps. The splenocytes were iso- 
lated from the cell suspension by using Ficoll centnfu- 
gation, as described by Boyum (20). 



Immunohistochemistry 

For immunohistochemistry, tissues were removed and 
frozen immediately in liquid nitrogen. Sections of 3 p,m 
in thickness were cut in a cryostat, dried on slides in air, 
and fixed in cold (-20°C) acetone for 2 min. The acetone 
was allowed to evaporate before storing the sections at 
-70°C. 

For staining, sections were soaked in phosphate- 
buffered saline (PBS; 140 mM NaCl, 8 mM Na 2 HP0 4 , 2 
mM NaH 2 P0 4 , pH 7.2) at room temperature for 10 min 
to allow stabilization of the temperature before incuba- 
tions. Nonspecific binding sites were blocked by incu- 
bating the tissues in 5% normal rabbit serum in PBS for 
15 min, in 5% normal rat serum (NRAS) in PBS for 15 
min, and in 5% mouse serum in PBS for 15 min. 

After washing in PBS, the sections were incubated 
with the primary antibody (final protein concentration, 
10 ^g/ml) or 5% NRAS (negative control) for 60 min. 
After washing with PBS, sections were labeled with the 
FITC-conjugated rabbit anti-rat Ig (final protein concen- 
tration, 2 |xg/ml) for 30 min. Finally, the sections were 
washed and embedded in l,4-diazabicyclo[2.2.2]octane 
(DABCO; Sigma, St. Louis, MO, U.S.A.). 

The sections were analyzed by using an ultraviolet 
microscope equipped with an epi-illuminator and FITC 
filter. 

Western blot analysis of Fas ligand 

Pancreases of scid/scid mice 3 and 7 weeks after adop- 
tive transfer of splenocyte from older than 12-week NOD 
mice were prepared for immunoblotting as modified 
from Towbin et al. (21) to see whether Fas ligand is 
involved in induction of apoptosis in the pancreas. In 
brief, 1 g of tissue was homogenized in 3 ml of distilled 
water supplemented with 1 jig/ml aprotinin and 100 jig/ 
ml phenylmethylsulfonylfluoride to avoid proteolysis. 
Salts were removed from the homogenate in a Sephadex 
G-25 column, and the eluate freeze-dried. The freeze- 
dried salt-free homogenate was diluted to x2 Laemmli 
solution (1% SDS, 10% glycerol, 0.01% bromophenol 
blue, and 2% (J-mercaptoethanol in 50 mM Tris buffer, 
pH 6.8) and boiled for 10 min. DNA was sheared by 
passing through a 23-gauge needle. Before use, the 
samples were centrifuged at 10,000 g. 

Denaturing 7.5-10% SDS-polyacrylamide minigels 
were prepared and 10 |xl of extracted sample (-30 fig 
protein) was loaded in the wells. Low-molecular-weight 
markers (Pharmacia LKB, Uppsala, Sweden) were run 
parallel to the samples. Gels were run with a 25-mA 
current, and after electrophoresis, proteins were trans- 
ferred to the nitrocellulose filter for 60 min. The nitro- 
cellulose filter was stained with Ponceau S, and each 
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separate line was cut off. Strips were blocked with 2% 
bovine serum albumin (BSA) in Tris-buffered saline 
with Tween 20 (TBST) and then incubated for 1 h with 
polyclonal rabbit-anti-mouse Fas ligand antibodies (pro- 
tein concentration, 5.0 fjig/ml) at room temperature. After 
incubations, strips were washed 3 times with TBST and 
then incubated for 1 h with horseradish peroxidase- 
conjugated swine-anti-rabbit Ig (protein concentration, 
0.1 ^g/ml). Strips were washed again with TBST and 
then allowed to react with 0.4 mg/ml diaminobenzidine 
and 0.01% H 2 0 2 in 0.05 M Tris (pH 7.6) for 10 min. 
Reactions were stopped with distilled H 2 0, and strips 
were blotted dry before photographing. 

In situ DNA 3 -end labeling (ISEL) 

To see if there were degenerating cells in the pancreas 
at various times after injection of splenocytes from older 
than 12- week NOD mice, pancreases were removed from 
the scid/scid mice and frozen in liquid nitrogen immedi- 
ately. Sections of 3 \xm in thickness were cut in a cryo- 
stat, dried on slides in air, and fixed in cold (-20°C) 
acetone for 2 min. The acetone was allowed to evaporate 
before storing the sections at -70°C. In situ labeling of 
DNA 3 '-endings was performed as previously described 
by Gavrieli et al. and Billig et al. (22,23). Briefly, one to 
three sections from each animal were soaked in Tris 
buffer (100 mM Tris, 150 mM NaCl, pH 7.5) at room 
temperature for 10 min to allow stabilization of the tem- 
perature before incubations. Thereafter the sections were 
incubated in 2x SSC at 80°C for 30 min and rinsed 
briefly in water for 5 min. They were incubated in pro- 
teinase K (10 M,g/ml in 20 mM Tris, 2 mM CaCl 2 , pH 
7.4) at 37°C for 30 min. Then the sections were rinsed 3 
times in water. They were covered by TdT buffer con- 
taining 2/10 TdT 5x, 2/10 CoCl 2 , and 6/10 H 2 0 (without 
terminal transferase) for 10 min. Digoxigenin-dideoxy- 
UTP (dig-ddUTP) was linked to free DNA 3 '-endings by 
incubation in the terminal transferase buffer (1 U/|xl ter- 
minal transferase, 5 jxM dig-ddUTP) for 60 min at 37°C. 
After washing in Tris-buffer for 10 min, the sections 
were incubated with blocking buffer [100 mM Tris, 150 
mM NaCl, pH 7.5, 0.5% (wt/vol) blocking reagent, 
Boehringer] for 30 min at room temperature, followed by 
incubation with alkaline phosphatase-conjugated antidi- 
goxigenin antibody (1:8,000) for 2 h at room tempera- 
ture. The sections were rinsed in Tris buffer and equili- 
brated in alkaline phosphatase buffer (100 mMTris, 100 
mM NaCl, 50 mM MgCI 2 , pH 9.5). The color reaction 
was developed by adding the substrates (337.5 jig/ml 
nitroblue tetrazolium and 175 jxg/ml 5-bromo-4-chloro- 
3-inodyl-phosphate; Boehringer). The color reaction was 



stopped after 30 min to 1 h with 10 mM Tris and 1 mM 
EDTA, pH 8. 



RESULTS 

General observations 

Four male and six female scid/scid mice injected with 
splenocytes from younger than 12- week NOD females 
developed a gut disease demonstrated by bloody diar- 
rhea, macroscopically thick walls of the ileum, cachexia, 
and conjunctivitis. Either splenomegaly or very small 
spleen were found in these ill animals. Some of the in- 
jected scid/scid mice developed only conjunctivitis after 
injection of the NOD splenocytes, and some had poly- 
dipsia. None of these thirsty mice, however, developed 
diabetes before dying in cachexia. Blood glucose levels 
of these mice varied from 2.4 to 2.6 mM. None of the 
control scid/scid mice injected with Balb/c splenocytes 
developed any disease afteMhe cell transfer. 

In general, as estimated by eye, there were more posi- 
tive cells for all the studied cell-surface markers and 
adhesion molecules, as well as ISEL-positive cells, in the 
scid/scid pancreases injected with NOD splenocytes than 
in the control pancreases injected with Balb/c spleno- 
cytes. These cells appeared often as heavy infiltrates, 
whereas such infiltrates were not seenin the control pan- 
creases. However, some mainly single positive cells 
were seen quite often, also in the control pancreases, 
except the ISEL-positive cells, which were seldom seen. 

The pancreases from four 12- week-old female scidT 
scid mice without any cell transfers also were stained 
with all the used antibodies. No CD4-, CD8-, CD80-, 
CD86-, or ISEL-positive cells were found in these pan- 
creases. Some single CD18-positive cells were seen in 
the endothelium and in the blood vessels of all these 
pancreases. Two of the four pancreases had some weakly 
CD44-positive cells also in the blood vessels and the 
adjacent endothelium, and one of the four pancreases had 
some CD54- and CD106-positive cells in lymph nodes. 
Only a few CD 1 lb/CD 1 8-expressing macrophages were 
found in the pancreases of these intact control animals. 

CD4-, CD8-, CDllb/CD18-, CDI8-, CD44-, 
CD49d/CD29-, CD54-, CD80-, CD86-, and 
CD106-expressing cells in the pancreas after 
adoptive transfer 

Cells expressing CD4, CD8, CDllb/CD18, CD18, 
CD44, CD49d/CD29, CD54, CD80, CD86, and CD106 
were present in the pancreas of female scid/scid mice 
from 2 weeks after injection with splenocytes from fe- 
male NOD mice (Table 1, Figs. 1^). 

CD4 + cells were found in the pancreatic interstitial 
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TABLE 1. Semiquantitative characterization of the leukocytes in the pancreas of scid females injected intraperitoneal^ with 
1 female NOD or Balb/c splenocytes at various times after injection ^ 



Time 
after 
inj. 
(wk) 



Strain 



Noninjected 



NOD 
Balb/c 
NOD 
Balb/c 
NOD 
Balb/c 
NOD 
Balb/c 
NOD 
Balb/c 
NOD 
Balb/c 



0/4 

3/3° 

1/3 

3/3° 

1/3 

5/5* 

1/4 

2/3 

0/3 

4/5 

0/3 

3/3^ 

0/3 



Presence of cells expressing 



CD4 CD8 CDllb/CD18 CD18 CD44 CD49d/CD29 



0/4 

3/3"* 

0/3 

yr b 

0/3 

0/4 

0/3 

0/3 

5/5 ab 

0/3 

3/3 a * 

0/3 



3/3 
3/3 
3/3 
3/3 
3/3 
5/5 
3/3 
2/3 
3/3 
5/5 
3/3 
3/3 
3/3 



4/4 

3/3 

3/3 

3/3 

3/3 

5/5 

4/4 

3/3 

3/3 

3/3* 

0/3 

3/3 

1/3 



2/4 
3/3 
3/3 
3/3 
3/3 
5/5 
3/3 
3/3 
3/3 
5/5 
3/3 
3/3 
2/3 



0/3 

1/3 

0/3 

0/3 

0/3 

5/5°* 

0/3 

0/3 

0/3 

4/5 

0/3 

3/3** 

0/3 



CD54 


CD80 


CD86 


CD 106 


DNA breaks 


1/4 


0/4 


0/4 


1/4 


0/4 


2/2 


2/3 


2/3 


3/3* 


3/3° 


3/3 


0/3 


0/3 


0/3 


2/3 


3/3 


2/3 


2/3 


3/3 


2/3 


2/3 


0/3 


0/3 


1/3 


0/3 


5/5 


4/5 


4/5 


5/5 


2/5 


4/4 


0/4 


0/4 


1/4 


0/4 


3/3* 


2/3 


1/3 


2/3 


2/3 


0/3 


0/3 


0/3 


0/3 


0/3 


2/2 


2/5 


1/5 


2/2 


4/5 


1/3 


0/3 


0/3 


2/3 


1/3 


3/3* 


2/3 


2/3 


3/3* 


3/3 a * 


0/3 


0/3 


0/3 


0/3 


0/3 



a p < 0.05 vs. noninjected, X test. 
b p< 0.05 vs. Balb/c injected. 



tissue at 2 weeks after injection, but at 3 weeks after 
injection, they were found also in the blood vessel walls 
(Fig. IB and D). At 4 weeks after adoptive transfer of 
NOD splenocytes, CD4 + cells were present also in the 
pancreatic islets. At 5-6 weeks after injection, the den- 
sity of CD4 + cells in the pancreatic interstitial tissue 
seemed to decrease, but then at 7 weeks, high numbers of 
CD4 + cells were again present in the pancreatic intersti- 
tial tissue (Fig. 2A). In the scid/scid mice injected with 
Balb/c splenocytes, only some sparsely distributed CD4 + 
cells were present in the pancreas of one mouse of three 
or four at 1-4 weeks after injection. At 5-7 weeks after 
transfer, CD4 + cells were not present at all (Table 1). 
There was a significant difference in the number of ani- 
mals with CD4 + . cells in the pancreas between the NOD 
splenocyte-injected and noninjected scid/scid mice at 
2-4 and 7 weeks after transfer and between the NOD and 
Balb/c splenocyte-injected mice at 7 weeks after transfer 
(Table 1). 

CD8 + cells were present in the interstitial tissue and 
the pancreatic lymph nodes at 2 weeks after injection of 
the NOD splenocytes. At 4 weeks, they were observed in 
the blood vessel walls and the pancreatic lymph nodes. 
At 5 weeks, they were not found, but at 6-7 weeks after 
injection, they were again present (Fig. 2B). In the scid/ 
scid mice injected with Balb/c splenocytes, CD8 + cells 
were not present in the pancreas at any time after adop- 
tive transfer (Table 1). A significant difference in the 
number of animals with CD8 + cells in the pancreas was 
observed between the NOD splenocyte-injected and non- 
injected scid/scid mice at 2-4 and 6-7 weeks after trans- 
fer and between the NOD splenocyte- and Balb/c sple- 



nocyte-injected mice at 2-4 and 6-7 weeks after transfer 
(Table 1). 

CDllb/CD18-positive cells were present in the pan- 
creases of all injected mice at 2-7 weeks after transfer of 
NOD, as well as Balb/c splenocytes (Fig. 2E). There 
were heavy infiltrates of CDllb/CD18 + cells in the pe- 
riislet areas, blood vessels, and the endothelia of the 
pancreases of scid/scid mice injected with NOD spleno- 
cytes. In the control pancreases injected with Balb/c sple- 
nocytes, as in the pancreases, only some single positive 
cells were found in the blood vessels and the endothelia 
(Table 1). 

CD18 + cells were present in significant amounts in the 
pancreatic interstitial tissue at 2 weeks after transfer of 
NOD lymphocytes. At 3 weeks, they were present in the 
islets and blood vessel walls. At 4 weeks, they were 
observed in the interstitial tissue, and at 5 weeks again in 
the blood vessel walls (Fig. 3 A). At 6-7 weeks, they 
were present in high amounts in the interstitial tissue 
(Figs. 2C and 4A). In the scid/scid mice injected with 
Balb/c splenocytes, all the pancreases contained single 
CD18 + cells sparsely in the pancreas at 2-5 weeks after 
injection. Thereafter, at 6 weeks, none of the mice had 
CD18 + cells in the pancreas, and at 7 weeks, only one of 
them had CD18 + cells in the pancreas (Table 1). The 
numbers of NOD splenocyte- and Balb/c splenocyte- 
injected animals with CD18 + cells in the pancreas dif- 
fered significantly at 6 weeks after transfer (Table 1). 

CD44 + cells were abundant in the interstitial tissue of 
the pancreas at 2 weeks after injection of NOD ceils. At 
3 weeks, they were found in the islets of Langerhans and 
■ in the blood vessel walls. At 4-6 weeks after injection, 
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FIG. 1. Characterization of the cell infiltrates in the pancreata of male scid/scid mice 3 weeks after adoptive transfer of insulitis from older than 
15-week-old female NOD mice. A: A CD80 + cell infiltrate around a blood vessel (V), indirect immunocytochemistry, frozen section, original 
magnification x402. B: A CD4 + cell infiltrate around the same blood vessel (V) as in A, indirect immunocytochemistry, frozen section, original 
magnification x402. C: A phase-contrast view of the same area as in A and B, original magnification x402. D: A CD4 + cell infiltrate in the vicinity 
of a'blood vessel (V), indirect immunocytochemistry, frozen section, original magnification x643. E: A phase-contrast view of the same area as in 
D, original magnification x643. F: A CD80 + cell infiltrate in the surroundings of a blood vessel (V), indirect immunocytochemistry, frozen section, 
original magnification x735. G: A phase-contrast view of the same area as in , original magnification x735. H: A perivascular CD86 + cell infiltrate, 
indirect immunocytochemistry, frozen section, original magnification x735. 1: A phase-contrast view of the same area as in H, original magnification 
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FIG 2 Characterization of the cell infiltrates in a pancreatic islet of a female scid/scid mouse 7 weeks.after adopUve transfer of insuhtis l m older 
™^5-wStoteNOD mice. A: CD4+ cells. Note the presence of positive cells in the middle of the islet (arrow) original magmficanon *459. 
r™^Tsa^wL in A Note that the CD8 + cells are localized more in the periphery of the islet (arrow), original magnification x459. 
C: ™^^^w£L in A and B. The distribution of GDI 8* cells is very similar to Oiat of *e ^ JjJ^ 
x459 D- CD44* cells (arrow). A parallel section of the same islet as in A-C The distribution resembles that of CD4 and CD18 cells, original 
2Ji^5?E:ffi.r celfs (arrows). The same islet as in A-D, indirect immunocytochemistry, frozen section. ^^Sc^ *459. 
^CD106 + cells (arrows). The same islet as in A-E, indirect immunocytochemistry, frozen section, anginal magnification x459. 

they were observed in high numbers in the islets and 
blood vessel walls (Figs. 2D, 3C, and 4B). At 7 weeks, 
they were abundant in the interstitial tissue. At 2-7 
weeks after injection of Balb/c splenocytes, all the mice 
had CD44 + cells in the pancreas, except one at 7 weeks 
after injection (Table 1). 



CD49d/CD29-expressing cells were found in the islets 
and the endothelia of scid/scid pancreases at 1, 4, 6, and 
7 weeks after transfer with NOD splenocytes (Fig. 4C). 
At 2 and 4 weeks after injection of Balb/c splenocytes, 
one of three and one of four, respectively, of the mice 
had some CD49d/CD29-expressing cells sparsely in the 
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FIG. 3. Characterization of the cell infiltrates in the pancreata of a female scid/scid mouse 4 weeks and 5 days after adoptive transfer of insulitis 
from older than 15-week female NOD mice. A: CD18 + cells perivascularly (arrow) and attached to the endothelial cells (small arrows), indirect 
immunocytochemistry, frozen section, original magnification x459. B: A phase-contrast view of the same area as in A, original magnification x459. 
C: CD44 + cell infiltrate perivascularly (arrow) and surrounding an islet (I), indirect immunocytochemistry t frozen section, original magnification 
x459. D: A phase-contrast view of the same area as in C, original magnification x459. E: A CD54 + cell infiltrate perivascularly (arrow). Some positive 
cells have attached to the endothelial cells (small arrow), indirect immunocytochemistry, frozen section, original magnification x459. F: A phase- 
contrast view of the same area as in E, indirect immunocytochemistry, frozen section, original magnification x459. G: CD106 + cells perivascularly 
(small arrows), indirect immunocytochemistry, frozen section, original magnification x459. H: A phase-contrast view of the same area as in G, 
original magnification x459. 
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FIG. 4. Characterization of the cell infiltrates in the pancreata of 
scid/scid mice after adoptive transfer of insulitis from NOD mice. A: A 
CD18 + cell infiltrate perivascularly in the pancreas of a female scid/ 
scid mouse 6 weeks after adoptive transfer of insulitis from older than 
20-week female NOD mice, indirect immunocytochemistry, frozen 
section, original magnification x605. B: A CD44+ cell infiltrate peri- 
vascularly (arrow) in the pancreas of a female scid/scid mouse 3 weeks 
after adoptive transfer of insulitis from older than 20-week male NOD 
mice, indirect immunocytochemistry, frozen section, original magnifi- 
cation xl210. C: A CD49d/CD29 + cell infiltrate in the pancreas of a 
female scid/scid mouse 6 weeks after adoptive transfer of insulitis from 
older than 20-week female NOD mice, indirect immunocytochemistry, 
frozen section, original magnification xi210. D: A CD54 + cell infil- 
trate (arrow) in the pancreas of a female scid/scid mouse 7 weeks after 
adoptive transfer of insulitis from older than 15-week female NOD 
mice, original magnification x605. 

pancreas. CD49d/CD29-positive cells were not present 
in the pancreas at other times after injection. The differ- 
ence in numbers of animals with CD49d/CD29- 
expressing cells in pancreas was significant between the 
NOD and Balb/c splenocyte-injected mice and between 
the NOD splenocyte-injected and noninjected mice at 4 
and 7 weeks after transfer (Table 1). 

CD54 + cells could be observed in the interstitial tissue 



at 2 weeks after transfer of NOD lymphocytes. At 3-5 
weeks, they were present in high numbers in the islets 
and blood vessel walls. At 5 weeks, they were observed 
also in the pancreatic lymph nodes. At 6 weeks, they 
were present, but not as abundantly as before. At 7 
weeks, they were present in high numbers in the inter- 
stitial tissue (Fig. 3E and 4D). After injection of Balb/c 
splenocytes, all the mice had CD54 + cells sparsely in the 
pancreas at 2 weeks, two of three at 3 weeks, and again 
all at 4 weeks after transfer, and then none at 5 weeks, 
one of three at 6 weeks, and again none at 7 weeks (Table 
1). A significant difference between the NOD- and Balb/ 
c-injected mice was observed at 5 weeks after transfer 
(Table 1). 

CD80 + cells were observed often, but not always in 
the blood vessel walls at 2 weeks after injection. They 
were only occasionally found in the pancreatic tissue at 
3 weeks after injection (Fig. 1 A and F). At 4 weeks, they 
were present in interstitial tissue and blood vessel walls, 
but only some infiltrates could be observed. At 5 weeks, 
they were present only in the pancreatic lymph nodes. At 
6 weeks, they were observed in relatively high density in 
some pancreatic islets. At 7 weeks after transfer, CD80 + 
cells were present in high numbers in the pancreases of 
mice injected with NOD splenocytes. After injection 
with Balb/c splenocytes, CD80 + cells were not present in 
the pancreas at any time (Table 1). 

CD86 + cells were found in the blood vessel walls and 
the interstitial tissue at 2 weeks after injection of NOD 
spleen cells. At 3 weeks after injection, they were present 
in the blood vessel walls (Fig. 1H) and pancreatic lymph 
nodes. At 4 weeks, their density had increased slightly, 
but at 5 weeks, they were again few in number and found 
mainly in the pancreatic lymph nodes. At 6 weeks, they 
were found only occasionally, but at 7 weeks, locally 
even in high numbers in the interstitial tissue. No CD86 + 
cells were present in the pancreas of mice injected with 
Balb/c splenocytes (Table 1). 

CD106 + cells were present in the pancreases of all the 
injected mice at 2-4 weeks after transfer. They were 
found in the interstitial tissue, blood vessel walls, and 
pancreatic islets (Fig. 2F). At 5-6 weeks after injection, 
* their density had decreased slightly (Fig. 3G), but at 7 
weeks, they were again present in high numbers. At 2, 5, 
and 7 weeks after injection of Balb/c splenocytes, there 
were no CD106 + ceils present in the pancreas. However, 
at 3-4 weeks after transfer, one of three and one of four, 
respectively, had single CD106-expressing cells sparsely 
in the pancreas. The number of mice with positive cells 
in the pancreas differed significantly between the NOD- 
and Balb/c-injected mice at 2 and 7 weeks after injection 
(Table 1). 
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Appearance of apoptotic cells in the pancreas after 
adoptive transfer 

ISEL-positive cells were present in the pancreatic in- 
terstitial tissue of female scid mice at 2-7 weeks after 
injection of splenocytes from female NOD mice (Table 
1). In the pancreas of scid/scid mice injected with Balb/c 
splenocytes, ISEL + cells could be observed at 2 and 6 
weeks after transfer, but the difference between the Balb/ 



c-injected and noninjected or the NOD-injected mice 
was not significant. There was a significant difference 
between the NOD-injected and the noninjected mice in 
the number of mice with ISEL + cells in the pancreas at 2 
and 7 weeks after injection. The apoptotic cells were 
present in the blood vessel walls (Fig. 5A and B) islets 
(Fig. 5D and E), periislet tissue (Fig. 5C), the interstitial 
tissue (Fig. 5F) and the pancreatic lymph nodes. 





FIG. 5. Characterization of the cell infiltrates in the pancreata of scid/scid mice after adoptive transfer of insulitis from NOD mice. A: Apoptotic 
cells (arrows) in the wall of a blood vessel in the pancreas of a female scid/scid mouse 3 weeks after adoptive transfer of insulitis from 12-week-old 
female NOD mice, in situ end-labeling, frozen section, original magnification x459. B: The wall of the same vessel as in A. Note the accumulation 
of apoptotic cells in. the blood vessel wall (arrow), in situ end-labeling, frozen section, original magnification x919. C: Apoptotic cells (arrows) in 
the periphery of an islet (I) in the pancreas of a female scid/scid mouse 2 weeks after adoptive transfer of insulitis from older than 25-week female 
NOD mice, in situ end-labeling, frozen section, original magnification x459. D: Accumulation of apoptotic cells in a pancreatic islet of a female 
scid/scid mouse 5 weeks and 5 days after adoptive transfer of insulitis from older than 20-week female NOD mice, in situ end-labeling, frozen section, 
original magnification x459. E: An islet (arrow) with accumulation of apoptotic cells in the pancreas of a male scid/scid mouse 3 weeks after adoptive 
transfer of insulitis from older than 15-week NOD mice, in situ end-labeling, frozen section, original magnification x459. F: Apoptotic cells (arrows) 
m a pearl-string-like arrangement in the pancreatic interstitial tissue of a female scid/scid mouse 3 weeks after adoptive transfer of insulitis from 
12-week-old female NOD mice, in situ end-labeling, frozen section, original magnification x919. 
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Fas Ugand in the scid/scid pancreas after transfer of 

Ctnd - not found in —clottings of pan- 
JZ of scid/scid mice at 3 and 7 weeks after transfer of 
MOD splenocytes. 

DISCUSSION 

These results show that after adoptive transfer of NOD 
« es to scid/scid mice, the most promment feature 
Se pancreatic infiltrates in comparison to transfer of 
Itlc sXnocytes is the presence of CD8 + lymphocyte^ 
SS uggests Lt especially CD8+ lymphocytes play a 
S role in development of insulit is after adopU . 
transfer. Alternatively, the appearance of CD8 cells may 
Resent efforts of the organism to suppress auttun- 
* un e reaction about to occur by suppressor T cells. 
™ AUlIough CD4+ T cells may have a role : in die 
induction of many autoimmune diseases, CDS 1 cells, 
wS ^re cytotoxic and can secrete proinflammatory cy- 
ToSes and chemokines, may also contribute to tissue 
dXe (24). Although the 

CD4 + and CD8 + T cells are required for the adop ive 
ttansfer of insulitis in major histocompat,bility c ass 
ShC) I and II-deficient mice (8,25,26) and that insulitis 
The transferred by purified CD4* T cdj. 
nurified CD8 + T cells (27), these results on the difference 
STte presence of CD8+ cells in the pancreata of scid 
le iLcted with NOD or Balb/c mouse splenocytes 
indicate a role for the CD8+ cells - ^dopment 
of insulitis. Our results support the study by Jarpe e . al. 
28; 1991), in which the lack of insulit, i + dass - 
deficient NOD mice and the appearance of CDS T ^ceUs 
in the islets before CD4 + T cells were seen, and in which 
rfmpo^t role for CD8+ cells in the pathogenesis of 
"sZ-d^ndent diabetes meUitus (IDDM) was sug- 
gested Tta role of CD8+ cells in the pathogenesis of 

& also i S r^^dTiri £S 

^^^^^^^ 

Lee 29) As it has been suggested that different cell 
"pi Z active in homing to the pancreas at the va*ous 
phases of the disease (3), it must be emphasized tha t the 
massive infiltrates observed in the P"~"^*^ 
scid mice after adoptive transfer of NOD 
were composed also of other cell types than CD8XD» 
and CD86 P ex P ressing cells were often present m *e pa*- 
creases of NOD splenocyte-injected mice, ^ neve^m 
Balb/c splenocyte-injected mice. This 
transfer of NOD splenocytes, anhgen P«***™ » 
gether with an appropriate "*T^^L?Z£. 
the pancreas, whereas after injection of Balb/c spleno 



cytes, antigen presentation in the absence of the CD80 
and CD86 costimulators leads to clonal anergy instead of 

^TtlrpTe-cfS cDSO- and CD86-expressing cells 
in^ pancreas after adoptive transfer of NOD sp^no- 
cytes is'interesting, because the same occurs , * l the NOD 
nancreas naturally at the age of 5-6 weeks (31). If all the 
ce^expressing CD80 and CD86 in our study are com- 
ing from the NOD donors or if they are stimulated cells 

they appear as a consequence of injection of islet 
pecificsplenocytes from the NOD mice. 
aLe of the costimulator-expressing cells in the pancreas 
presents the initial event in the generation of insuhus 
• and if also B-cells themselves are able tc , exp ess CD80 
and CD86 remains as well to be studied in the future 
Cohens and Kay (32) reported that there « 
of CD80 or CD86 expression on pancreatic B cells at any 
stage ; before the onset of either spontaneously arising or 
cvclophosphamide-accelerated diabetes. 
y Tne costimulatory molecules on 
cells (APCs) are necessary for induction of clonal ex- 
Susion in naive T cells (33) and production of lympho- 
toe (34). What costimulators the T cells use depend 
fargely on their state of activation and maturation. The 
rSSve role of the costimulators in proliferation of un- 
nrimed re ting T cells remains to be determined, bu 
CrS 4 and CD106 may be ^^^T^ 
grimed resting T cells as well as CD80 and ^86 
(34-38) The high amounts of CD54 + and CD106 ceUs 
een in the pancreases of scid/scid mice injected w«h 
NOD splenocytes in our study may thus have a role in 

costimulators of unprimed resting T cbj^ftj atoo 
known that the cooperation between the ■ CD2 /B7 ^and 
TPA 1 or ICAM-1 pathways is required for the genera 

T cells but is not required for cytotoxic effector cell 
Lei- after CTL generation (39). This ismteresUng 
hecause in our study, there were heavy infiltrates ot 
CD8 CD54-, and CD80- and ^^^^ 
scid/scid pancreases after the transfer of NOD spleno 

^fn this study, plenty of ISEL-positive cells were seen 

in alltubatio/groups of ^«*™™%X^ 
iections with NOD splenocytes, whereas no Fas Ugana 
S found in immunoblottings of these pancreas ^ 
scid/scid mice at 3 and 7 weeks after transfe offNOD 
.nlenocvtes In contrast, we recently reported that tas 
Ug^ap^ared in the pancreas of NOD mice during die 
on"t oHnsulitis, as demonstrated by Western b ot ^y 
sis (40). These results suggest that some other factors 
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than Fas-FasL interaction must be involved in the induc- 
tion of apoptosis in the studied scid/scid pancreases. One 
candidate is tumor necrosis factor-a (TNF-a), because 
both of its two forms, membrane-bound (41-43) and ac- 
tive soluble, are known to mediate a range of inflamma- 
tory and cellular immune responses, including tumor re- 
gression, septic shock, and cachexia (44,45). Our scid/ 
scid mice were seen to develop cachexia, bloody 
diarrhea, and conjunctivitis 4 weeks after transfer of 
NOD splenocytes. 

We suggest that the insulitis accompanied with ca- 
chexia and diarrhea seen in the scid/scid mice after trans- 
fer of NOD splenocytes was probably not a graft- versus- 
host reaction, because none of the control animals in- 
jected with splenocytes of Balb/c mice, the haplotype of 
which is different from those of scid/scid mice, devel- 
oped insulitis, cachexia, or diarrhea during the follow-up. 
Furthermore, we have not found similar infiltrates in the 
intestine, which could be expected, if there were graft- 
versus-host reaction in these animals. 

In conclusion, this study demonstrates that (a) adop- 
tive transfer of insulitis is possible also through the in- 
traperitoneal route, (b) CD8 + T lymphocytes play a ma- 
jor role in insulitis in this model, and (c) induction of 
apoptosis in the infiltrating cells may act as a limiting 
mechanism in insulitis. 
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